Of all cancers that develop in women in the United States, breast cancer has the highest incidence, regardless of race or ethnicity, with an estimated 271,270 new cases and 42,260 deaths during 2019. 1 Approximately 5-10% of breast cancers are estimated to result from hereditary causes, the majority of which are attributed to pathogenic or likely pathogenic (P/LP) variants in the BRCA1 and BRCA2 (BRCA1/2) genes, although other variants in genes such as PALB2, TP53, PTEN, CDH1, CHEK2, and ATM contribute. 2 Identification of inherited cancer risk empowers individuals and their families to prevent cancers or detect them early. Furthermore, incorporating genetic testing results into patients' care plans has the potential to guide treatment and improve outcomes. 3, 4 Despite the longstanding availability of testing for inherited cancer, including the BRCA1/2 genes for which testing has been clinically available for over two decades, only a small proportion of the at-risk population has been tested. It has been estimated that less than 10% of all adults with BRCA1/2 P/LP variants in the United States have been identified. 5 Among cancer patients, recent data suggest that less than 20% of patients with breast or ovarian cancer who meet national criteria for inherited cancer testing actually undergo testing, 6 often due to lack of identification of high-risk patients and provider recommendations. [7] [8] [9] [10] [11] Moreover, testing rates are disproportionately lower among racial/ethnic minority populations. 9, 10, 12 Consequently, there remains a tremendous unmet need to improve identification and testing among high-risk populations and reduce existing barriers for these patients to access testing. Given the increasing and expanding importance related to testing breast cancer patients for inherited disease, the purpose of this points to consider document is to provide a rationale for maintaining support for existing evidence-based guidelines based on a risk stratification approach while data addressing broader testing strategies emerge.
Practice guidelines and costs
Practice guidelines issued through the National Comprehensive Cancer Network (NCCN) were originally developed over 20 years ago and are updated at least annually to incorporate new evidence to support revisions. 13 These criteria stratify risk of hereditary breast and ovarian cancer syndromes based on personal and/or family cancer history to identify those at highest risk in whom to recommend genetic testing. NCCN includes recommendations that support risk-reducing mastectomy (RRM) as an option for patients who carry highly penetrant P/LP variants in BRCA1/2, PALB2, TP53, or PTEN.
When the original criteria were developed, testing was accomplished through Sanger sequencing, the BRCA1/2 genes were patented, and all clinical testing in the United States was conducted through a single laboratory at a cost of over $4000 for testing of these two genes. Since that time, the switch to massively parallel sequencing (MPS) and the rescindment of the BRCA1/2 gene patent in 2013 have led to industry competition with self-pay costs as low as $250 per test or less. 14 MPS testing platforms allow testing BRCA1/2 genes as part of multigene panels that include many other inherited cancer genes. Costs for multigene panels are often the same as single-gene testing. NCCN guidelines discuss the availability of multigene panel testing. Judicious use of laboratory test selection, discussion of variant penetrance and increased possibility of VUS, and pre-and post-test counseling with a trained genetics professional or health-care provider with special expertise in cancer genetics principles are all suggested.
Genetic testing for all breast cancer patients?
A recent study of 959 breast cancer patients who underwent an 80-gene panel test reported similar prevalence of P/LP variants identified in those patients who met NCCN guidelines for genetic testing compared with those who did not. 15 However, the data upon which the conclusions of this study were based were limited by selection bias due to exclusion of those previously tested, uncertain accuracy of the recording of risk criteria for study participants, inclusion of genes with undefined actionability, and difference in patterns of genes in which P/LP variants were identified across the two groups. Further analysis of the data presented revealed that the prevalence of those meeting guidelines increased with penetrance of the gene in which the P/LP variant was identified. Among those patients who were heterozygous for BRCA1/2, TP53, and PTEN, 3% met NCCN criteria compared with only 0.6% for those who did not meet criteria. When PALB2 was included, these proportions increased to 4.4 and 0.8%, respectively. The addition of moderately penetrant P/LP variants (e.g., ATM and CHEK2) led to further increase in frequency among those who did versus did not meet NCCN criteria (6% versus 3.3%, respectively). Although diagnostic yield increased as more genes were tested, this increase disproportionately led to detection of P/LP variants in moderate penetrance genes, or genes in which association with breast cancer risk is uncertain. Soon after the publication of this paper, the American Society of Breast Surgeons published a recommendation to make genetic testing available to all breast cancer patients. This recommendation included genetic testing for "BRCA1/BRCA2 and PALB2, with other genes as appropriate for the clinical scenario and family history." 16 
DISCUSSION
A critical analysis of the use of genetic testing to guide clinical care requires input from patients, health-care providers, laboratory geneticists, health-care systems, and public and private insurers. This discussion should also include gene penetrance, the constitution of multigene panels, and the clinical management associated with P/LP variants for genes included on multigene panels (e.g., RRM). Testing models should apply to patients already diagnosed and treated and those who may be at risk for disease.
Multigene panels and variant penetrance
The actual penetrance of P/LP variants in many (non-BRCA1/ 2) genes included on multigene panels is incompletely characterized. 17 Currently breast cancer penetrance data are used to guide follow-up care after positive results (i.e., identification of P/LP variant). Follow-up may include either enhanced screening or RRM for genes with the highest penetrance. In contrast, only heightened screening (but not RRM) is recommended for other moderate penetrance genes that reach the threshold for it, based on a ≥20% lifetime risk for breast cancer. Clinical decision-making can be impacted depending on specific variants, especially when considering prophylactic surgical interventions. RRM is a consideration for those women with a P/LP variant in BRCA1/2, PALB2, TP53, and PTEN, recognizing that RRM recommendations for the latter 3 genes are inferred based on data among BRCA1/2 pathogenic variant carriers. 18 There are robust data to support elevated cancer risk in the range of 25-30% associated with P/LP variants in ATM and CHEK2. 19 This degree of risk meets the threshold for screening through breast magnetic resonance imaging (MRI); however, there are no data to support RRM based solely on P/LP variants that confer this level of risk. Furthermore, data suggest that the range of predicted risks for those who carry P/LP variants in ATM and CHEK2 likely includes a significant number of individuals who would not meet risk criteria for incremental screening. 20 Additionally, P/LP variants in moderate compared with high penetrance genes are more likely to be impacted by risk modifiers such as family history, single-nucleotide polymorphisms (SNPs), and mammographic density, as demonstrated by modeling studies. 21, 22 There remain many genes on existing multigene cancer panels for which breast cancer risks are yet to be established or confirmed (e.g., RAD50, BRIP1, XRCC2, and MRE11A, among others). Furthermore, the data to support that NBN P/ LP variants increase breast cancer risk is limited to one variant (Slavic truncating founder variant, 657del5), 19 with more recent studies indicating no association. 23 It is also important to consider that as more genes are tested with sequencing methods, the complexity of results correspondingly increases. This is in part due to increases in detection of P/LP variants identified in genes with uncertain cancer risks and lack of evidence to inform management, as well as higher chance of detecting variants of uncertain significance (VUS). 24, 25 Shared decision-making with patients and providers in the context of family history is recommended when discussing clinical management and risk-reducing surgery for P/LP variants in moderate penetrance genes.
Clinical management and precision medicine
As progress in precision medicine continues, it is important that patients receive accurate information to ensure the implementation of risk-reducing strategies and evidencebased cancer genomics best practices. As noted above, clinical decision-making can be impacted depending on P/LP variants in specific genes. High rates of bilateral mastectomy were reported among breast cancer patients with a VUS after sequencing BRCA1/2. 26, 27 These underscore the importance of genetics education for clinicians who perform genetic testing. There is potential for harm when genetic testing results lead to inappropriate management. In addition, reanalysis of VUS can be complicated because the process includes the ordering physician, the laboratory, and the patient. 28 Furthermore, P/ LP variants associated with breast cancer may also be associated with other cancers, the interpretation and management of which needs to be addressed by the provider who orders the test. Health benefits of those tested should be maximized through early detection or prevention of cancer and treatment, while harms are minimized to ensure that patients receive guideline-adherent care.
Evidence-based screening for cancer patients
Recognizing the logistical challenges of identifying high-risk individuals most of whom are neither identified or tested, the recent US Preventive Services Task Force (USPSTF) guidelines for BRCA1/2 testing highlighted specific evidence-based screening models to identify individuals suitable for referral and testing. 29 Although simplifying guidelines is desirable, it remains important to identify appropriate candidates for testing based on the current evidence. While complexity of the NCCN criteria may represent a structural barrier to identifying breast cancer patients at risk for inherited disease, other policy-level factors such as mandates requiring genetic counseling prior to testing may present additional obstacles that disproportionately impact underserved and minority populations. 30 Consequently, simplifying criteria, reducing barriers to care, and expanding testing indications as supporting evidence evolves are appropriate. In fact, the most recently released NCCN guidelines focused on simplifying the criteria, and incorporated metastatic HER2-negative breast cancer as a testing criteria, given the emerging therapeutic implications based on identification of germline BRCA P/LP variants 3, 4 which resulted in FDA drug approvals. As per national guidelines, in some subgroups (e.g., Ashkenazi Jewish heritage), all women with breast cancer are recommended to undergo genetic testing. 13, 29 Of note, a recent paper considered the cost-benefit ratio of multigene panel testing for all breast cancer patients 31 and while the modeling results might be overly optimistic, these types of efforts are crucial in generating data to inform testing practices.
General population screening?
A broad discussion about population-based screening of unaffected women for a subset of inherited breast cancer genes is needed prior to considering genetic testing for all. 32 There are similarities with the issues described but a more detailed discussion is outside the scope of this document. The population-based screening framework put forth by Wilson and Jungner in 1968 has some validity in this context although it was not intended to be used at the case level or applied to patients with an established condition and did not incorporate the many variables that are used to establish population risk. 33 Furthermore, there are knowledge gaps when implementing multigene testing panels in this setting. These include penetrance of P/LP variants in specific genes and the natural history of P/LP variants in the genes being tested. Closing these gaps is fundamental to adopting population-based screening programs that adopt large panels.
POINTS TO CONSIDER
The American College of Medical Genetics and Genomics considers germline genetic information to be critical to the management of patients with genetic conditions, and advocates for the removal of barriers to patients gaining access to genetic information per clinical indications. We present points for clinicians to consider in the context of testing breast cancer patients for inherited cancer predisposition: 
Future considerations
With the advances in sequencing technologies and increasing access to and expanding indications for genetic testing, it remains critical to ensure that implementation of testing is based on evidence. Currently, there is insufficient evidence to recommend genetic testing for BRCA1/2 alone or in combination with multigene panels for all breast cancer patients. We expect that the evidence to support testing may evolve at different rates for different genes, and we expect that therapeutic indications will play a major role in the incorporation of genes to multigene panels. Consequently, as guidelines for testing are developed, it is critical to ensure they are supported by evidence and resources supporting strategies that include screening, medical, and/or surgical care as indicated. Ideally, professional societies should work together to weigh data, formulate, and harmonize evidencebased recommendations, and seek to reduce barriers to care. Testing alone will not improve outcomes but rather implementation of appropriate care following testing is required. Additionally, data are needed to generate evidence that informs clinical practice. This includes cost-benefit analyses that consider data on uptake of individual cancer risk management strategies and benefit from cascade family variant testing (given families rather than individuals are the unit of care when considering genetic testing) and refinement of penetrance estimates for moderate penetrance and incompletely characterized genes. Moreover, recognizing existing disparities in genetic testing across populations, the implementation of precision medicine approaches across oncology must also consider a means by which the promise of genetic testing for inherited cancer predisposition may be realized by all populations, regardless of race, ethnicity, and ability to pay. Publisher's note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
